Context: Abnormalities in calcium metabolism may potentially contribute to the development of vascular disease. Calcium metabolism may be different in African American (AA) vs white individuals, but the effect of race on the association of serum calcium with clinical outcomes remains unclear.
C alcium as a nutrient aroused public attention more than 50 years ago (1, 2) . Calcium or vitamin D supplementation to postmenopausal women was extensively studied in 1990s (3) . Given that calcium is the major component of bone and teeth, initial investigations focused primarily on bone mass density or fractures. More recently, vascular calcification has become a focal point (4) , with studies examining the relationship between calcium intake (5, 6) or serum calcium (7, 8) with the various clinical outcomes. Most studies focused on the associations between calcium or vitamin D supplementation with vascular calcification, but the effect of these nutritional interventions on cardiovascular events has been less well studied. Even less is known about the association of serum calcium with vascular calcification, bone health, or deaths related to occlusive vascular events. Studies have recently uncovered significant differences in calcium homeostasis between African American (AA) and white individuals. AA individuals have higher bone mineral density (BMD) (9, 10) , increased intestinal calcium absorption (11, 12) , and low urine calcium secretion (13) , and also experience higher incidence of strokes (14) and mortality (15, 16) . It is unclear whether differences in calcium and vitamin D me-tabolism affect race-associated differences in vascular calcification and consequently cardiovascular events.
To clarify whether there is an association between serum calcium level and clinical outcomes, and whether such associations are different in AA vs white individuals, we examined the association of various serum calcium levels with all-cause mortality and with major incident vascular events in a large national cohort of U.S. veterans with estimated glomerular filtration rate (eGFR) of at least 60 mL/min/1.73 m 2 .
Materials and Methods

Study population
Our study subjects were selected from a historical cohort examining risk factors and outcomes of incident chronic kidney disease (CKD) (Racial and Cardiovascular Risk Anomalies in CKD (RCAV) study). The RCAV study population was previously described (17, 18) . The algorithm for our analytical cohort definition is shown in Figure 1 . We included veterans who received Veterans Affairs medical services between October 1, 2004 and September 30, 2006 (baseline period), and who had an outpatient eGFR at least 60 mL/min/1.73 m 2 and available outpatient serum calcium measurements during the same time period. eGFR was calculated by using the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation (19 (20, 21) . Information on race was cross referenced with data obtained from Medicare through the VA-Medicare data merge project (22) . Information on prevalent comorbidities was extracted from the VA Inpatient and Outpatient Medical SAS Datasets (23) using International Classification of Diseases, Ninth Revision (ICD-9) diagnostic and procedure codes and Current Procedural Terminology (CPT) codes recorded during the baseline period.
Incident coronary heart disease (CHD) was defined as a composite outcome of a first occurrence of an ICD-9-CM or CPT code for acute myocardial infarction, coronary artery bypass grafting, or percutaneous angioplasty after October 1, 2006 in patients without such diagnoses prior to this date. Incident ischemic stroke was defined as the first occurrence of an ICD-9-CM code of ischemic stroke after October 1, 2006 in patients without cerebrovascular diseases during the baseline period (24) . Data related to baseline medication exposure including calcium or vitamin D supplements, antihypertensive medications, anticoagulation medication, and diuretics was collected from VA Pharmacy dispensation records (25) . To minimize random variation we used the respective means of all body mass index (BMI) and BP recordings from the first 90 days after cohort entry as baseline values for these variables in our analyses. Information about all-cause mortality was obtained from the VA Vital Status Files, which contain dates of death until July 26, 2013 from all available sources in the VA system. The sensitivity and specificity of the Vital Status Files using the National Death index as gold standard were shown to be very high (98.3 and 99.8%, respectively) (26) .
Statistical analyses
Descriptive analyses were performed by using means Ϯ SD, medians (interquartile range) and proportions as appropriate. Event rates were calculated using the patient-year (PY) approach. Cox proportional hazards models with adjustment for potential confounders were used for examining the association of mean baseline CSCs with all-cause mortality and with incident CHD and strokes. Effect modification by race was examined by testing the significance of the interactive term between race and CSC, and then estimated in hazard ratios and 95% confidence intervals (CI) for the eight a priori defined CSC categories in AA and in white patients using white patients with CSC 9.1-Ͻ9.4 mg/dL as referent. Patients were followed in survival analyses from the date of the baseline eGFR until death or were censored at the date of the last health care documented in the VA Vital Status Files, or on July 26, 2013. For incident CHD or ischemic stroke events, the follow-up period started from October 1, 2006 to avoid immortal time bias (27) , and lasted until the first event date, death, or last encounter. Patients with cardiovascular disease at baseline were excluded from the analysis for incident CHD outcome, to avoid the uncertainty of a repeat ICD9 code signaling a new event vs merely a history of an earlier one. Similarly, patients with a baseline stroke diagnosis were excluded for incident ischemic stroke outcome.
The effect of potential confounders on outcomes was analyzed by multivariable adjustments including baseline age, sex, BMI, baseline BP, per capita income, marital status, comorbid conditions [(cardiovascular disease, cerebrovascular disease, hypertension, congestive heart failure, rheumatologic disease, malignancy, depression, liver disease, chronic lung disease, HIV, and the Deyo-modified Charlson Comorbidity Index (28) ] and medications (calcium and vitamin D supplements, loop diuretics, thiazide diuretics, potassium-sparing diuretics, anticoagulants, and antiplatelet medications), and baseline eGFR.
The associations of CSC with all outcomes were also examined in a propensity score (PS) -matched cohort, which was created by calculating PSs for the likelihood of AA vs white race through logistic regression including all variables in multivariable models and performing a 1:1 nearest-neighbor matching. To make the results of all-cause mortality more comparable with incident CHD/ischemic stroke outcomes, the association of CSC with mortality was re-examined in a sensitivity analysis after excluding patients with baseline cardio-or cerebra-vascular disease. In addition, all outcomes were also analyzed separately in the two race groups.
Statistical analyses were performed using Stata MP Version 12 (StataCor,). The study was approved by the institutional review boards at the Memphis and Long Beach VA Medical Centers.
Results
The mean age of the cohort was 60.6 Ϯ 13.5 years, 15.5% (n ϭ 305 164) were AA, and 93.5% (n ϭ 1 839 698) were male. The mean BMI was 29.3 Ϯ 5.7 kg/m 2 , and the mean eGFR was 83.3 Ϯ 15.4 mL/min/1.73 m 2 Baseline characteristics of AA vs white patients categorized by their mean baseline CSC levels are described in Table 1 . African Americans were younger than whites, and had higher baseline eGFR levels, lower median income, and lower percentage of married status. African Americans also had slightly lower prevalence of cardiovascular and cerebrovascular diseases. Furthermore, more AAs vs whites were taking calcium or vitamin D supplements, and diuretics except for loop diuretics.
Mortality
White (n ϭ 299,113; 21.1%) and AA (n ϭ 47 775; 15.7%) patients died (mortality rate: 29.9/1000 PY; 95% confidence interval [CI], 29.8 -30.0 vs 21.6/1000 PY; 95% CI, 21.4 -21.8, respectively). Figure 2 and Table 2 describe the race-specific multivariable adjusted association of mean baseline CSC categories with all-cause mortality in the overall cohort. Both higher and lower CSC levels were associated with higher mortality in both races. AA patients experienced significantly lower mortality compared with white patients in every CSC category above 8.8 mg/dL (P Ͻ .001), similar mortality for CSC 8.5-Ͻ8.8 (P ϭ .50), and higher mortality in the CSC less than 8.5 mg/dL group (P ϭ .02) ( Figure 2 ). The same associations were consistently present in the PS matched cohort (Supplemental Figure 1) , when analyzing AA and white patients as separate subgroups (Supplemental Figure 2), and when subdividing abnormally low and high CSC levels into more granular categories (Supplemental Figure 3) . The results remained essentially unchanged in sensitivity analyses excluding patients with baseline coronary and cerebrovascular disease (Supplemental Table 1 ). 
Incident CHD and incident ischemic stroke events
Incident CHD events occurred in 34 304 white (event rate: 5.0/1000 PY; 95% CI, 4.9 -5.0) and 6175 AA patients (event rate: 3.7/1000 PY; 95% CI, 3.6 -3.8). Incident strokes occurred in 30 300 white patients (event rate: 4.0/1000 PY; 95% CI, 4.0 -4.1) and 8129 AA patients (event rate: 4.8/1000 PY; 95% CI, 4.7-4.9). There was no consistent association between CSC levels and either incident CHD ( Table 2 and 
Discussion
We examined the effect of race on the association between corrected serum calcium and all-cause mortality, incident CHD, and ischemic strokes in a large cohort of AA vs white U.S. veterans with low comorbidity burden and eGFR at least 60 mL/min/1.73 m 2 . We describe a Ushaped association of CSC with allcause mortality in both races, but no association with incident vascular events (CHD or strokes). Even though the association of CSC levels with mortality was U-shaped for both AA and white patients, we describe subtle differences in these associations, in that compared with white patients AA patients experienced relatively higher mortality when CSC was low (Ͻ8.5 mg/dL), and relatively lower mortality when CSC was normal or elevated. We detected no significant race-related effect modifications in the association of CSC levels with occlusive cardiovascular events (CHD and stroke). As we (24) doi: 10.1210/jc.2016-1802 press.endocrine.org/journal/jcem previously described, AA veterans experienced overall lower mortality and incident CHD rates, and slightly higher ischemic stroke rates compared with white patients. These findings are different from the higher mortality observed in AA vs white individuals in the general population (24) , and could be the result of the beneficial effects of the VA healthcare system combined with biological (eg, genetic) differences between races, or selection bias (24) . Our results confirm findings from prior studies that showed higher mortality associated with both higher and lower serum calcium levels (31) (32) (33) . Most studies concen-trated on populations with chronic illnesses, such as CKD or End Stage Renal Disease and examined various other clinical outcomes besides mortality, such as incident coronary artery disease (34) , calcified coronary atherosclerotic plaque (35) , intracranial atherosclerosis (36), carotid artery plaque (8) , kidney function decline (37) , and heart failure (38) . Similar to ours, most previous studies have also reported that adverse outcomes associated with lower or higher serum calcium were not just limited to frank hypocalcemia or hypercalcemia, but were also associated with the upper or lower limits of normal calcium levels (8.5-10.2 mg/dL). Our study also adds to the findings from previous literature by extending knowledge about associations of serum calcium with clinical outcomes to individuals without substantial chronic disease burden. The observed associations of both higher and lower serum calcium levels with mortality could be explained by the complex physiologic roles played by calcium, and their alterations in the context of lower and higher serum levels, respectively. Calcium plays a crucial role in the electrophysiologic stability of excitable cells' membranes, and low serum calcium can predispose to abnormal neuromuscular excitability (39) . Indeed, calcium has been shown to affect cardiac myocytes function (40) , heart failure (41), the QT interval (42) , and other arrhythmias (43) , such as Figure 3 . Race-specific associations of CSC with CHD: Multivariable adjusted hazard ratios (95% CIs) of incident CHD (including incident acute myocardial infarction, coronary artery bypass grafting, or percutaneous coronary intervention) associated with African American and white race in various mean baseline CSC categories using multivariable adjusted Cox models. Adjustment were made for age, sex, income, BMI, marital status, comorbidities, medications, baseline estimated GFR, and baseline BPs. White patients with CSC 9.1-Ͻ9.4 mg/dL served as referent. Models included a multiplicative interaction term for race and CSC. atrial fibrillation (44) . It is thus possible that the associations of low serum calcium levels with mortality may be explained by a higher incidence of arrhythmias (45); this will have to be determined in future studies by examining cause-specific mortality. Conversely, higher serum calcium levels may represent a propensity toward increased vascular calcification and atherosclerosis, which could result in higher cardiovascular death rates. Based on this hypothesis there is an apparent inconsistency between the positive associations with all-cause mortality and the lack of associations with major occlusive cardiovascular events in our study. One potential explanation is that vascular calcification is a complex process that could manifest as both microcalcification and macrocalcification, resulting in completely different clinical manifestations and outcomes (46) . It can be hypothesized that higher serum calcium levels may affect such processes in ways that result in adverse outcomes unrelated to occlusive vascular events, such as increased arterial stiffness. Such potential mechanisms will need to be further examined in future studies.
The race-associated differences in mortality in our study may be linked to racial differences in calcium and bone-mineral metabolism (47, 48) , which have attracted more and more attention recently (49) . Compared with white patients, AA individuals have higher intestinal absorption and lower urine excretion of calcium. Their BMD is also higher than in other races (50) , despite lower serum total 25(OH)D levels; the latter could be related to genetic traits affecting vitamin D-binding protein levels (51) . Such differences may underlie the reasons for relatively lower mortality in AA individuals with elevated calcium levels, although we could not substantiate race-specific differences in the association between calcium levels and occlusive cardiovascular events. Conversely, AA race may be associated with a genetic predisposition to cardiac arrhythmias (52, 53) which could explain their propensity for relatively higher mortality in the face of low calcium levels.
Our study has limitations that must be acknowledged. Our study was observational, and hence its results cannot be used to infer causality. Most of our patients were male U.S. veterans; hence, the results may not apply to women or to the general U.S. population. Although we adjusted serum calcium levels for serum albumin levels, this method is inferior to measuring ionized calcium level, which could better reflect biologically active calcium level in circulation. We did not have data related to causes of death, so we could only speculate about potential underlying mechanisms of action. Many previous studies investigated the relationship between calcium or vitamin D supplements with clinical outcomes (5) . In our study design, we only adjusted for baseline prescribed calcium/vitamin D supplements but did not take into account the quantities of such supplements or changes in prescriptions over time. We adjusted for multiple possible confounders that were available in our database, but we cannot rule out the effect of unmeasured confounders on the observed associations. BMD is another relevant clinical outcome which was investigated by several studies with regard to its relationship with calcium intake (54) . We did not have information about BMD; therefore, we could not examine it as a separate outcome or combine CSC levels with BMD as a joint predictor. Our study sample was limited to patients with eGFR at least 60 mL/min/1.73 m 2 , due to the definition used to generate our source cohort. This makes it difficult to extrapolate results to patients with CKD and low eGFR; however, CKD has a major effect on serum calcium levels and on calcium homeostasis in general; hence, associations between calcium level and outcomes in patients with CKD are best examined in dedicated cohorts.
The association between serum calcium and all-cause mortality in patients with eGFR at least 60 mL/min/1.73 m 2 is U shaped. Compared with whites, AA individuals experience better survival when CSC is greater than 8.8 mg/dL and higher mortality when CSC is less than 8.5 Figure 4 . Race-specific associations of CSC with ischemic stroke: Multivariable adjusted hazard ratios (95% CIs) of the incident ischemic strokes associated with AA and white race in various mean baseline CSC categories using multivariable adjusted Cox models. Adjustment were made for age, sex, income, BMI, marital status, comorbidities, medications, baseline eGFR, and baseline BPs. White patients with CSC 9.1-Ͻ9.4 mg/dL served as referent. Models included a multiplicative interaction term for race and CSC. doi: 10.1210/jc.2016-1802 press.endocrine.org/journal/jcem mg/dL. Serum calcium levels are not associated with incident CHD and ischemic stroke in either AA or white individuals.
